Purpose. To evaluate cellular activity in milled versus unmilled surface of the femoral head in 21 patients who underwent robot-assisted total hip arthroplasty (THA). Methods. The femoral head of 21 consecutive patients who underwent robot-assisted THA for osteonecrosis was used. 10 cc of trabecular bone from the entire milled surface was obtained using a curette. The same amount of trabecular bone was obtained at least 1 cm away from the milled surface and served as a matched control. Cell morphology, viability, osteocalcin activity, and alkaline phosphatase activity in milled versus unmilled surface were assessed. Results. Cell morphology of the milled or unmilled surface was comparable; cells were smaller in the milled surface. Cell viability was a mean of 40% higher in the milled surface (107.4% vs. 67.2%, p<0.001); cell viability at 5 time points was comparable in each group. Osteocalcin activity of cells was slightly higher in the milled surface (1.43 vs. 1.24 ng/ml, p=0.69).
introduction
Close contact between the implant and the host bone is important for stable fixation and good outcome. [1] [2] [3] [4] [5] [6] Nonetheless, no stem design can achieve both proximal and distal close contact because of varying shapes of the proximal femur. Surgical robots have been used to mill the bone surface to achieve a close fit of the femoral stem in the femoral canal and thus good primary stability. The ROBODOC system 7, 8 (CurexoTechnology, Davis [CA], USA) consists of a computer workstation for preoperative planning using computed tomography and a robotic arm equipped with a high-speed milling device to prepare the femoral canal. [9] [10] [11] [12] [13] During milling, thermal damage to the remaining tissue may disrupt biological healing or the defence mechanism. This study evaluated cellular activity in the milled versus unmilled surface of the femoral head in 21 patients who underwent robot-assisted total hip arthroplasty (THA).
Materials and Methods
This study was approved by the institutional review board of our institute. Informed consent was obtained from each patient. The femoral head of 21 consecutive patients who underwent robot-assisted THA for osteonecrosis by a single surgeon was prepared and stored at -80°C for a mean of 5 (range, 3-7) months.
Bone marrow was sampled from 2 sites; the necrotic area was not sampled. After thawing, 10 cc of trabecular bone from the entire milled surface was obtained using a curette. The same amount of trabecular bone was obtained at least 1 cm away from the milled surface and served as a matched control. Cells were cultured using a standard method. 14 Cell morphology was assessed 12 hours after stabilisation and 4, 12, 24, and 48 hours later using an optical microscope, a laser scanning microscope, and a scanning electron microscope. Cell viability was assessed at the same time points using a methylthiazoltetrazolium assay. 14, 15 Osteocalcin activity and alkaline phosphatase activity of cells were assessed 24 hours after stabilisation. [16] [17] [18] Osteocalcin is a bone-specific protein synthesised by osteoblasts. It is a marker of osteogenic maturation and plays a role in mineralisation and calcium ion homeostasis. 19 Alkaline phosphatase is a specific and sensitive indicator of bone turnover.
results
Cell morphology of the milled or unmilled surface was comparable; cells were smaller in the milled surface; most had a rough surface (Fig. 1) . Cell viability was a mean of 40% higher in the milled surface (107.4% vs. Fig. 3 ).
discussion
Robot-assisted THA has been reported to achieve better short-term outcome. 7, [19] [20] [21] [22] It results in decreased bone loss in the proximal periprosthetic area and pronounced endosteal spot welds in the proximal medial portion. 23 Nonetheless, robot-assisted arthroplasty is associated with longer operating time and thus the likelihood of infection and increased costs. In addition, there is a possibility of thermal injury to the femoral canal by the high-speed mill. This may affect cell viability and bone ingrowth during the early postoperative period.
This study had some limitations. The type of cell (osteocyte, osteoblast, or mesenchymal stem cell) was not identified. Cell activity should have been evaluated with more quantitative and real-time assays. Comparison should have been made between a robot-milled surface and a hand-rasped surface.
conclusion
The milled and unmilled surfaces of the femoral head were comparable in terms of cell morphology, viability, osteocalcin activity, and alkaline phosphatase activity. 
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